Thin films of the charge-ordered (CO) compound Pr 0.5 Ca 0.5 MnO 3 have been deposited onto (100)-oriented SrTiO 3 substrates using the Pulsed Laser Deposition technique. Magnetization and transport properties are measured when the thickness of the film is varied. While the thinner films do not exhibit any temperature induced insulator-metal transition under an applied magnetic field up to 9T, for thickness larger than 1100Å a 5T magnetic field is sufficient to melt the CO state. For this latest film, we have measured the temperature-field phase diagram. Compared to the bulk material, it indicates that the robustness of the CO state in thin films is strongly depending on the strains and the thickness. We proposed an explanation based on the distortion of the cell of the film.
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Recently, perovskite type manganites such as RE 1−x A x MnO 3 (RE and A are respectively a rare-earth and an alkaline-earth ion), have renewed interest due to their properties of colossal magnetoresistance (CMR), a huge decrease in resistance when applying a magnetic field [1] [2] [3] [4] [5] . Since most of the technological applications require thin films, it is essential to understand the effects of the substrate-induced strains on the properties of these manganites.
These materials are very sensitive to the strains and even very small perturbations may result in observable effects on the properties. These effects have indeed been studied experimentally on various compounds [6] [7] [8] [9] [10] . Moreover, among all the properties of these manganite materials, the phenomenon of charge-ordering (CO) is probably one of the most remarkable effects.
It appears for certain value of x and particular average A-site cation radi (<r A >). It corresponds to an ordering of the charges in two different Mn sublattices. In fact, the metallic state becomes unstable, below a certain temperature (T CO ) and the material goes to an insulating state. T CO decreases with increasing field and the insulating CO state can be totally suppressed by the application of an external magnetic field [10] [11] [12] . As an example, a 25T magnetic field is required to melt the CO state in the bulk Pr 0.5 Ca 0.5 MnO 3 14 .
But, we have shown recently that, when this compound is synthesized as a thin film on SrTiO 3 (i.e. with a tensile stress), the melting magnetic field is reduced to 6T 15 , whereas a value of 9T is not sufficient when the film is grown on LaAlO 3 to collapse this metastable state 16 . This means that uniaxial strain (˜1-2% in the plane) leads to dramatic changes as compared to the bulk material. Following the same idea, one would expect that the relaxation of the strains along the direction normal to the plane of the substrate (i.e when the thickness of the film is varying) should also induce changes in the electronic properties.
For these reasons, it is also interesting to vary the thickness of the films grown on SrTiO 3 .
In the present work, we have studied the effects of the thickness and the strains upon the structural and physical properties of Pr 0.5 Ca 0.5 MnO 3 (PCMO) thin films grown on SrTiO 3 using the Pulsed Laser Deposition technique. We have particularly considered the changes in lattice parameters, transport measurements and magnetization. On the basis of these results,
we have determined a temperature-field phase diagram for CO thin films and compared it 2 to the bulk material.
Thin films of PCMO were grown in-situ using the Pulsed Laser Deposition (PLD) technique on [100]-SrTiO 3 substrates (cubic with a=3.905Å). Detailed optimization of the growth procedure was completed and described previously 15, 16 . The structural study was carried out by X-Ray diffraction (XRD) using a Seifert XRD 3000P for the θ−2θ scans and a Philips MRD X'pert for the in-plane measurements (Cu Kα, λ=1.5406Å). The in-plane parameters were obtained from the (103) C reflection (where c refers to the ideal cubic perovskite cell).
Direct current (dc) resistivity (ρ) was measured by a four-probe method with a Quantum Design PPMS and magnetization (M) was recorded using a Quantum Design MPMS SQUID magnetometer as a function of the temperature (T ) and the magnetic field (H). The composition of the films was checked by energy-dispersive scattering analyses. It is homogenous and corresponds exactly to the composition of the target (i.e. Pr 0.5 Ca 0.5 Mn) in the limit of the accuracy.
The structure of bulk Pr 0.5 Ca 0.5 MnO 3 is orthorhombic (P nma) with a=5.395Å, b=7.612Å and c=5.403Å 17 . Fig. 1 shows a typical θ − 2θ scan recorded for a film of (750Å).
Note that the same pattern is obtained for all of the films. As already reported, the film is a This surprising orientation results from the lattice mismatch. Indeed, the mismatch (s) between the film and the substrate can be evaluated using the formula σ = 100
(where a S and a F respectively refer to the lattice parameter of the substrate and the film). film is calculated to be 3.79Å. However, as a consequence of the biaxial stains, the lattice parameter is slightly different when the thickness of the film is changing. Similar results are obtained for the in-plane lattice parameter and the corresponding data are plotted in Fig.2 . When the film is very thin (150Å), the in-plane parameter is nearly equal to the one of the substrate (3.88Å vs 3.9Å for STO). When the thickness of the film is increasing, the in-plane parameter is decreasing whereas in the mean time, the out-of-plane parameter is increasing. For large thickness (>1200Å), both lattice parameters tend towards a value close to the bulk. However, they never reach exactly the bulk values and the film is never fully relaxed. Note that the cell volume is preserved constant and equal to that of the bulk (˜56Å 3 referring to the perovskite cell). Moreover, the temperature dependence of these cell parameters should be very different from that of bulk samples. It was shown previously that the orthorhombic distortion induced by the CO ordering is strongly reduced by the presence of the substrate, preventing the locking of the q value of the CO on the 1 2 value contrary to the bulk sample of the same composition, leading to q=0.45 for the thicker film 15 . Application of a magnetic field up to our maximum value (9T) has almost no effect on the thinner film (150Å): the film is still semiconducting and the magnetoresistance is very small (Fig.3a) . For the intermediate thickness (750Å), while a 5T magnetic field keeps the film semiconducting, a 9T renders it metallic with a T M I close to 125K (see Fig.3b ). This feature is a typical characteristic of the melting of the CO state. On the thicker film (1100Å), the melting magnetic field is reducing to 5T (Fig.3c) . The thickness dependence of the properties suggests that the strains play an important role in determining the melting magnetic field.
When the thickness of the film is increasing, there is a reduction of the strain on the film at room temperature. However, the properties of the film do not approach those of the bulk as the substrate-induced strain reduces. In PCMO single crystal, with a 6T magnetic field, the material remains insulating, whereas the 1100Å film becomes metallic 18 .
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The magnetic field dependence of the resistivity at various temperatures is shown in Fig.   4 . The resistivity shows an important decrease on a logarithmic scale at a critical field (H C )
indicating the field-induced melting of the CO state. This field-induced insulator to metal transition, which accompanies the collapsing of the CO state takes place below T CO . The critical fields in the field-increasing scan and in the field decreasing scan will respectively be represented by H is seen at these temperatures as previously reported on several CO compounds 12, 18 . This hysteretic region is more pronounced when the temperature is decreasing. The temperature dependence of the large hysteresis region is a feature of a first order transition and has been extensively studied for the composition Nd 0.5 Sr 0.5 MnO 3 in ref. 12 . Similar results can be observed in magnetization measurements ( fig. 5 ), though our maximum field is then 5T.
From the resistivity measurements, we can deduce a phase diagram for the 1100Å film ( . This was discussed in more detail in a previous paper 16 . In spite of this, the important new result is the thickness dependence of the film properties. The distortion induced by the CO cannot fully develop due to the strains imposed by the substrate. Consequently, the CO is limited to an incommensurate value leading to a less stable CO state, more sensitive to the magnetic field. In fact, a large CO gap in the density of states at the Fermi level is associated with a very stable CO state 19 . As the thickness is decreasing, the in-plane cell parameter is going closer to the substrate value and it can be supposed that it also follows its temperature dependence leading to a large cell distortion. Thus, the substrate-induced strain can be measured by the lattice-distortion D of the film cell defined as the ratio between the inplane and the out-of-plane parameters. The evolution of D vs thickness is plotted in the inset of Fig.2 . As the lattice-distortion or equivalently the tolerance factor 20 is approaching one, the distortion of the perovskite cell is decreasing. In the mean time, the critical field required to melt the CO state is also decreasing. This behavior is similar to that observed for bulk materials RE 1−x Ca x MnO 3 , whose CO state is destabilized when the tolerance factor is getting close to one (or the size of the A-site cation is increasing) 13, 21 . In return, the present evolution of the magnetotransport properties cannot be directly compared to that of the bulk compound Pr 0.5 Ca 0.5 MnO 3 , due to the different nature of the cell distortion imposed by the substrate.
In summary, we have shown that the melting magnetic field of the insulating chargeordered state, in Pr 0.5 Ca 0.5 MnO 3 films, is strongly sensitive to the thickness of the film.
While, the application of a magnetic field up to 9T has almost no effect on the resistivity 
